Abstract-Intraocular recordings were made from the retinal ganglion cells of small (~40 mm) and large (> 14Omm) intact paralyzed. submerged goldfish to determine how the size of their receptive field centers is influenced by the 25fold increase in retinal magnification factor which accompanies growth. The angular subtense of the centers was only slightly smaller in large than in small fish. corresponding to a greater than 2-fold increase in the center diameter as measured in micrometers on the retinal surface. This statistically significant increase suggests that the number of centers which overlap a given point on the retina remains approximately constant during growth. Other implications of this result are also discussed.
INTRODUCTION
Throughout the life of a goldfish. new neurons are added to the periphery of a functional, active retina (Johns and Easter, 1977) . Concurrently new synapses are added to the central retina, far from the site of neurogenesis (Fisher and Easter, 1979) . Thus retinal anatomy changes continuously.
In the preceding paper (Macy, 1980) and in this one, the possible changes in retinal function are investigated. In the first paper, the qualitative characteristics of the receptive fields of retinal ganglion cells were examined. Briefly, fields were quite similar in large and small animals, the one exceptional property being orientation selectivity, which was more frequently encountered when recording from larger animals. In this paper, we examine a more quantitative question; namely, how does retinal growth affect the sizes of the ganglion cells' receptive fields?
This line of inquiry arose naturally from a consideration of the goldfish's physiological optics. The shape of this animal's eye is independent of its size, and the distance from the center of the spherical lens to the retina is scaled proportionally to the diameter of the lens (Easter et al., 1977) . The lens, the only optically active element, has its secondary nodal point at its center (Charman and Tucker, 1973) . It follows that the "retinal magnification factor", defined as the number of micrometers on the retinal surface per degree of visual angle, varies linearly with the diameter of the lens. In other words, the same visual solid angle projects to larger retinal areas as the eye grows. This increase can be substantial, since the lens diameter increases from about 1.5 to 4.0 mm from yr 1 to 5. During this time, the number of ganglion cells has increased and they have spread out on the retinal surface (Johns and Easter, 1977; Kock and Reuter. 1978) . How has the retina managed to adapt to this continuous change? The general problem is as complex as visual functions are numerous, but one particular aspect-the size and overlap of receptive fields-is susceptible to experimental analysis. We have undertaken such an analysis by measuring the receptive fields of ganglion cells in large and small fish and then comparing them in the context of growth.
We suggest that three concrete hypotheses help to put the problem in perspective. Each of the three assumes that one aspect of the receptive fields is held constant during growth, and each predicts a different change of receptive field size. The three hypotheses are not the only ones possible, but they are probably the easiest to understand. They are described below.
(1) Constant micrometers hypothesis. The diameter of the center of a retinal ganglion cell's receptive field, as measured in pm on the retinal surface, remains constant. If this is true, it follows that the angular subtense of the field must decrease, reciprocally with the increase in retinal magnification factor.
(2) Constant degrees hypothesis. The diameter of the center of a retinal ganglion cell's receptive field, as measured in degrees of visual angle, remains constant. This predicts that the diameter of the field, measured in pm on the retinal surface, must increase linearly with the retinal magnification factor.
(3) Constant overlap hypothesis. The "overlap factor" (the number of receptive fields within which a given point on the retina is included: Fischer, 1973) remains constant. The prediction here is slightly more complicated than in the first two cases, as it depends upon knowing the planimetric densities of the ganglion cells (the number per mm*) in small and large retinas. These figures are known, and lead to the prediction that the angular subtense of the centers of L.R. ?I IO-E
